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[57) ABSTRACT

An advancing, reinforced, thermoplastic tape is pressed
on a partially built, composite structure as the mating
surfaces are heated to the melting point by a beam of
high temperature, radiant energy. The center of the
beam 1s directed at the structure, in advance of the nip
between the tape and structure.

4 Claims, 6 Drawing Figures




~ US. Patent

Dec. 22, 1987 Sheet 1 of 4 4,714,509




Dec. 22, 1987 Sheet 2 of 4 4,714,509

U.S. Patent

c 9/




U.S. Patent Dec. 22, 1987 Sheet 3 of 4 4,714,509

74 o

F/G 3. T 7

72

“_*_m“'_-_d

Fl6G. 4.

78

80



US. Patent  Dec. 22, 1987 Sheet 4 of 4 4,714,509




4,714,509

1

METHOD AND APPARATUS FOR LAYING DOWN
TAPES

BACKGROUND

Equipment for laying down and adhering successive
tapes is available and in use. However, such equipment
does not yield a composite structure free of voids. It
has, therefore, been the practice to use tapes made with
thermosetting resins which are cured as the structure is
consolidated in an autoclave. The latter is a costly and
time-consuming operation. Furthermore, these limita-
tions have deprived end users of the improved proper-
ties which could be obtained from tapes made with
thermoplastic resins.

SUMMARY

According to the method of the present invention, a
composite structure is built from a fiber-reinforced
thermoplastic tape by advancing successive
tape toward and at an angle to a work surface and press-
ing the advancing length, with a consolidating force,
during relative movement between the two lengths. A
beam of high temperature, radiant energy is directed at
and across the nip between the advancing and preced-
ing lengths of tape, with the center of the beam on the
building structure. The speed of relative movement and
the temperature of the radiant energy are interrelated to
heat, fuse and join the thermoplastic matrices at the
mating surfaces of the tapes being consolidated.

Another embodiment of the invention is a tape-laying
head having means for guiding an advancing length of a
reinforced, polymeric tape toward and at an angle to a
building composite structure as well as a roll for press-
ing the advancing length on the structure. Such a head
has been improved by provision of a radiant beam
heater directed at the tape and structure, with the center
of the beam on the structure, in advance of the nip
between the tape and structure.

DRAWINGS

In the appended drawings,

FIG. 1 is a perspective illustration of the tape-laying
head of the present invention,

FIG. 2 is a schematic, side view of the head shown in
FIG. 1,

FIG. 3 is a fragmentary, plan view of the radiant
heater shown in FIGS. 1 and 2,

FIG. 4 is a cross section taken on line IV—IV in FIG.
3,

FIG. § is a fragmentary, side view of the knife and
chute shown in FIGS. 1 and 2, and

FIG. 6 is a side view of one of the actuators shown in
FIG. 2.

DESCRIPTION

In FIGS. 1 and 2, the tape-laying head of the present
invention has been designated generally by the numeral
10 and shown to include a frame 12 provided with rol-
lers 14, 16. The surfaces of both rollers have Teflon ®)
non-stick finishes. At one end, above roller 14, frame 12
supports a plate 18 which is adapted for mounting on
the arm of a robot.

Parts of the frame 12 also support a pair of guide
blocks 20, 22 and a piston-cylinder assembly 24. The rod
of assembly 24 is attached to a yoke 26 having legs
between which roller 14 is rotatably mounted. Yoke 26
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also has upstanding rods which are slidable in guide
blocks 20, 22.

As head 10 is moved, a fiber-reinforced, thermoplas-
tic tape 28 is pulled from a roll 30 on a mandrel 32
against a desired level of back tension applied by a
magnetic clutch 34. In the schematic of FIG. 2, the
device for applying back tension has been shown as a
weight 34’ on a strap brake. Tape 28 advances beneath
a guide roll 36, between side rails 38, 39, above a radiant
preheater 40, over a roll 42, between spaced rods defin-
ing a chute 44 and beneath roller 14 which presses the
advancing tape 28 on the top of a partially built compos-
ite structure 46. If the tape being laid is the first of a
structure, it 1s pressed against a fabric 48 which has been
placed on a bed or other work surface. Fabric 48 is
impregnated with a non-stick finish.

As the head 10 moves with respect to partially built
structure 46, the upper surface of the structure is ex-
posed to a radiant preheater 50. However, the principal
source of heat for fusing and joining the advancing tape
28 to the structure 46 is a radiant heater 52. The heater
carries a manifold 54.

Heater 32 is suspended from brackets 56 which are
adjustably attached to frame 12 and is positioned with a
beam 37 of energy (FIG. 2) directed at tape 28 and

- structure 46, with the center of the beam on structure 46

in advance of the nip between between the two. It has
been found that, because of heat loss to the building
structure 46 through conduction, the mating surfaces
can be brought to the melting point simultaneously by
directing more of the radiant energy to the structure
than to the advancing tape 28.

Adjacent roll 42, there is a roll 58 which is normally
spaced from roll 42. Roll 58 is mounted between the
dependent legs or links of a saddle 59. Saddle 59 is fixed
to a shaft 60 whicn is rotatably mounted in parts of
frame 12. Shaft 60 is attached to an air cylinder 62.
When roll 58 is moved into engagement with a tape 28,
as explained more fully hereinafter, it is driven by an air
motor 64 through a belt 65. Motor 64 is attached to
saddle 59 as a cantilever. As shown in FIG. 6, air cylin-
der 62 is located outside of rail 38.

Referring to FIGS. 1, 2 and 5, there is a gap between
chute 44 and a bedknife 66. Tape 28 passes between

bedknife 66 and a plate 68 and beneath a knife 69 which
is attached to an air cylinder 70 by an L-shaped bracket.

As shown in FIGS. 3 and 4, heater 52 has end pieces
72 provided with ears 74 which are used to attach the
heater to brackets 56 (FIG. 1) and ears 76 which mount
the manifold 54. Between end pieces 72, there is a para-
bolic reflector 78 which focuses energy from a tubular
quartz lamp 80 into the narrow beam or strip 57 of
highly directional, parallel, infrared (IR) rays. The dual
slot adjustment feature (FIG. 1) permits pivotal move-
ment of heater 52 about an axis centered on lamp 80.

In an operable embodiment of the apparatus, heater
52 1s a water-cooled, parallel ray, infrared Strip Heater,
Model No. 5305-5A, Research Inc., Minneapolis, Minn.
Quartz lamp 80 is of Type 1200 T3/CL, Research Inc.,
has a lighted length of six inches, and operates at a
temperature of about 4000° F. at rated voltage. Mag-
netic clutch 34 is a Model No. HB-210, Magtrol Inc.,
Buffalo, N.Y.

Before start-up, a roll 30 is placed on mandrel 32 and
the end of tape 28 is pulled around roll 36 and over roll

42. Air cylinder 62 is actuated to move roll 58 into

engagement with the tape on roll 42. Heater 52 is ener-

gized to preheat roller 14.
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Head 10 can be moved into position manually or by a
manipulator attached to plate 18. If a robot is used, its
movement and the various actuators disclosed herein
are directed by a programmed controller.

When head 10 is in position, the desired level of force
for pressing and consolidating the successive lengths of
tape is applied by assembly 24. This is done by setting
the air pressure to assembly 24 at a level which provides
a reaction force against the manipulator and/or the
weight of head 10. As soon as tape 28 reaches roller 14,
roll 58 is retracted by air cylinder 62. Tension is applied
to the advancing tape by magnetic clutch 34. After the
proper length has been laid, roil 58 1s moved into engag-
ment with roll 42 and knife 69 is activated to cut tape 28.
Head 10 continues in motion until completion of the
lay-down and is then returned to the starting position
where motor 64 is activated again to move tape 28 to
the nip between roll 14 and structure 46. The same
sequence is repeated until structure 46 has been built to
the desired thickness.

Head 10 can be used with or without energization of
the preheaters 40, 50, depending on its speed of ad-
vance. The principal source of heat for melting the
polymeric matrices of the advancing tape 28 and the
upper surface of structure 46 to a sufficient depth to
achieve consolidation by roller 14 is applied by IR
heater 52. For thermoplastics, it has been found that the
tape and structure must be heated to the melting point
through a depth of 5-20% of the thickness of a tape.
Melting to a greater depth causes distortion of the struc-
ture, as well as burn-out and degradation of the matrix.
As noted above, the center of the strip or beam of IR
rays from the heater is directed at the building struc-
ture, in advance of the nip between tape 28 and struc-
ture 46. About 20% of the rays are directed at the lower
surface of the tape 28 and about 80% are directed at the
upper surface of the structure 46. With the application
of pressure by roller 14, the mating surfaces are fused
and a void-free, consolidated structure is built. In such
a structure, the tapes lose their identity, i.e., distinct
laminae are not visible to the naked eye.

The key to building a void-free consolidated struc-
ture is to bring the mating surfaces to the melting point
sitnultaneously. Both surfaces must be melted equally or
the structure will curl or otherwise distort. In tests, it
has been found that the difference in temperature be-
tween the advancing tape 28 and the building structure
46 1s large if the center of the IR beam is as much as 0.3
inch above the nip, with more energy directed at tape
28. The difference in temperature is only somewhat less
with the center of the beam directed at the nip. Only by
directing more of the IR energy to the building struc-
ture can the thermoplastic materials be brougnt to the
melting point simultaneously. As noted above, this has
been attributed to a relatively larger heat loss to the
structure 46 through conduction.

Where the nature of a thermoplastic is such that heat-
ing the surface of a tape to the melting point could cause
oxidation and degradation, a heated inert gas such as
mtrogen 18 supplied to manifold 54 and floods the
heated surface of the tape 28 and the structure 46.

According to the method of the present invention, a
consolidated composite structure is built by advancing
successive lengths of a fiber-reinforced, thermoplastic
tape toward and at an angle to a work surface, pressing
the advancing length against the surface of a preceding
length during relative movement between the two
lengths, and directing a beam of high temperature, radi-
ant energy at and across the tape and structure, with the

center of the beam on the structure, in advance of the
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nip between them. The speed of relative movement and
the temperature of the radiant energy are interrelated to
heat, fuse and join the thermoplastic matrices at the
mating surfaces.

Wrinkles in the structure are avoided by advancing
the tape under tension.

Movement of the first length of tape relative to the
working surface can be avoided by laying 1t on a fabric
impregnated with a non-stick finish.

As noted above, it has been found that the mating
surfaces must be heated to the melting point of the
thermoplastic matrix through a depth of 5-20% of the
thickness of a tape. This i1s achieved by directing about
20% of the energy from an IR heater at the lower sur-
face of an advancing tape and about 80% at the upper
surface of the building structure. With the application
of pressure to the heated tape, the mating surfaces are
fused and a void-free, consolidated structure is built.

Void-free panels have been built, according to the
method, from tapes reinforced with continuous, graph-
ite filaments. In the tapes, the filaments are evenly dis-
tributed in a paperlike, continuous matrix. For the ma-
trix, various thermoplastic polymers have been used,
e.g., polypropylene, polyphenylene sulfide, an amor-
phous polyimide, a polyetherketone-ketone and the
polyamide from bis(para-aminocyclonexyl) methane
and dodecanedioic acid. A typical panel was built to a
thickness of about 0.105 inch from fifieen lengths of a
tape having a thickness of about 0.007 inch and a width
of three inches. Aramid filaments could also be used to
reinforce the tape.

Some useful and advantageous properties of the ther-
moplastic polymers in a composite structure are their
high glass transition points, high impact resistances and
high compression resistances. |

What is claimed as new and desired to be secured by
Letters Patent 1s:

1. A method of building and consolidating a compos-
ite structure from a fiber-reinforced, thermoplastic,
polymeric tape, said method comprising the steps of

advancing successive lengths of tape toward and at

an angle to a work surface,

pressing the advancing length on the preceding

length, with a consolidating force, during relative
movement between the two lengths, and

directing a beam of high temperature, radiant energy

at and across the nip between the advancing and
preceding lengths of tape, with the center of the
beam on the structure, |

heating the mating surfaces of the matrices to the

melting point substantially simultaneously through
5-20% of the thickness of each tape by directing a
major portion of the radiant energy at the preced-
ing length on the building structure and the rest of
the radiant energy at the advancing tape,

the speed of relative movement and the temperature

of the radiant energy interrelated to heat, fuse and
join the thermoplastic, polymeric matrices at the
mating surfaces of the tapes being consolidated.

2. The method of claim 1 comprising the preliminary
step of locating a fabric impregnated with a non-stick
finish on the work surface beneath the first length of
tape advance thereto.

3. The method of claim 1 wherein about 20% of the
radiant energy is directed at the advancing tape and the
rest of the radiant energy is directed at the building
structure.

4. The method of claim 3 wherein each succeeding

length is advanced under tension.
%* ¥ * * %
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